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1.0 


INTRODUCTION 


Controlling  and  disposing  of  mankind's  waste  products  has.  In 
the  past  several  years  become  a critical  problem,  particularly 
In  view  of  Increased  public  concern  over  the  quality  of  the 
environment.  One  of  the  most  severe  environmental  problems 
facing  us  today  Is  that  of  liquid  waste  disposal. 

This  Is  especially  true  In  Eastern  Massachusetts;  there  dense 
population,  concentrated  Industries,  and  often  antiquated 
sewage  treatment  practices  have  combined  to  pollute  many 
rivers  and  groundwater  supplies  and  to  present  real  threats  to 
those  which  are  not  yet  polluted.  The  sources  of  this 
pollution  are  basically  three:  domestic  sewage,  Industrial 
wastewater,  and  storm  water  runoff.  Each  offers  Its 
particular  problems  and  Is  amenable  to  different  solutions. 
Before  any  solutions  are  sought,  however,  the  scope  of  the 
problem  at  hand  must  be  known. 

This  report  Is  concerned  with  the  contribution  of  Industrial 
wastewater  to  pollution.  It  describes  an  effort  to  provide 
the  basic  data  on  regional  wastewater  production  necessary  to 
a successful  plan  for  Its  control.  Similar  efforts  may 
provide  the  necessary  data  base  for  dealing  with  other  liquid 
waste  disposal  problems. 


1.1 


The  purpose  of  this  study  Is  to  collect  and  Interpret  existing 
Information  on  the  magnitude  and  composition  of  certain 
Industrial  and  manufacturing  process  wastewater  discharges  In 
the  Eastern  Massachusetts  Metropolitan  Area  and  to  project  the 
magnitude  of  this  problem  Into  the  future.  Additionally,  the 
data  collected  is  to  be  placed  Into  a computer  assisted 
retrieval  and  plotting  system  to  allow  It  to  be  used  as  an 
effective  planning  tool.  The  data  management  system  will 
permit  the  same  treatment  of  data  on  other  areas  not 
considered  In  this  study. 


1.2 


Scope  and  Limitations 


The  geographic  focus  of  this  study  is  Eastern  Massachusetts. 
The  study  area  is  bounded  approximately  by  Route  495  and 
includes  all  of  Suffolk  County,  most  of  Norfolk,  Middlesex, 
and  Essex  Counties  as  well  as  small  portions  of  Plymouth 
County  to  the  south  and  Worcester  County  to  the  west.  As 
shown  in  Figure  1,  the  study  area  contains  109  comnunities. 
Of  these,  thirty-two  fall  within  the  SUASCO  study  area.  The 
remaining  seventy-seven  fall  primarily  within  the  drainage 
areas  of  the  Neponset  and  Charles  Rivers  to  the  south  of 
Boston  and  the  Mystic,  Danvers,  and  Ipswich  Rivers  to  the 
north.  Table  1 lists  the  communities  within  the  study  area. 
Those  which  fall  entirely  or  partly  in  the  SUASCO  study  area 
are  marked  with  an  asterisk. 

The  industrial  focus  of  this  study  is  an  outgrowth  of  earlier 
efforts  to  characterize  industrial  wastewater  in  the  area,  as 
reported  in  "A  Study  of  Certain  Industrial  Wastes-Eastern 
Massachusetts  Metropolitan  Area,"  (JASON  M.  CORTELL  and 
ASSOCIATES,  INC.,  March  1974).  The  earlier  study  examined 
discharges  from  the  27  industrial  groups  listed  in  Table  2. 
The  results  of  that  study  indicated  that  the  larger  discharges 
(over  50,000  gallons  per  day)  accounted  for  92%  of  the  total 
surveyed  industrial  wastewater  discharge.  This  clearly 
suggested  that,  for  maximum  data  gathering  efficiency,  only 
the  larger  industrial  sites  should  be  investigated. 

In  light  of  this,  the  expanded  list  of  specific  industries 
presented  in  Table  3 was  developed.  This  Table  is  organized 
by  1972  Standard  Industrial  Classification  Code  and  indicates 
the  criteria  used  to  select  industrial  sites  for  inclusion  in 
this  study. 

Three  selection  criteria  were  used.  For  those  industries 
included  in  the  previous  study,  those  sites  discharging 
greater  than  50,000  gallons  of  wastewater  per  day  were 
Included  in  the  current  study.  For  those  Industries  whose 
water  intake  is  low,  any  site  employing  in  excess  of  250 
persons  was  included.  For  those  Industries  whose  water  intake 
is  high,  any  site  employing  in  excess  of  100  persons  was 
included.  Those  selection  criteria  were^  designed 
conservatively  to  insure  the  inclusion  of  the  maiority  of 
larger  dischargers.  ^ 
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A STUDY  OF  INDUSTRIAL  WASTES 

EASTERN  MASSACHUSETTS 
METROPOLITAN  AREA 

FIgur*  1 

THE  STUDY  AREA 


TABLE  1 . EASTERN  MASSACHUSETTS 
METROPOLITAN  AREA  COMMUNITIES 


ACTON* 

CHELMSFORD* 

HULL 

ARLINGTON 

CHELSEA 

IPSWICH 

ASHLAND* 

COHASSET 

LEXINGTON* 

AVON 

CONCORD* 

LINCOLN* 

BEDFORD* 

DANVERS 

LIHLETON* 

BELLINGHAM 

DEDHAM 

LYNN 

BELMONT 

DOVER 

LYNNFIELD 

BERLIN* 

DUXBURY 

MALDEN 

BEVERLY 

ESSEX 

MANCHESTER 

BILLERICA* 

EVERETT 

MARBLEHEAD 

BOLTON* 

FRAMINGHAM* 

MARLBOROUGH* 

BOSTON 

FRANKLIN 

MARSHFIELD 

BOXBOROUGH* 

GLOUCESTER 

MAYNARD* 

BOXFORD 

HAMILTON 

MEDFIELD 

BRAINTREE 

HANOVER 

MEDFORD 

BROOKLINE 

H INGHAM 

MEDWAY 

BURLINGTON* 

HOLBROOK 

MELROSE 

CAMBRIDGE 

HOLLISTON* 

MIDDLETOWN 

CANTON 

HOPKINTON* 

MILFORD 

CARLISLE* 

HUDSON* 

MILLIS 
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TABLE  1 . EASTERN  MASSACHUSETTS 


METROPOLITAN  AREA  COMMUNITIES  (CONTINUED) 


MILTON 

SAUGUS 

WENHAM 

NAHANT 

SCITUATE 

WESTBOROUGH* 

NATICK* 

SHARON 

WESTFORD* 

NEEDHAM 

SHERBORN* 

WESTON* 

NEWTON 

SOMERVILLE 

WESTWOOD 

NORFOLK 

SOUTHBOROUGH* 

WEYMOUTH 

NORTHBOROUGH* 

STONEHAM 

WILMINGTON 

NORTH  READING 

STOUGHTON 

WINCHESTER 

NORWELL 

STOW* 

WINTHROP 

NORWOOD 

SUDBURY* 

WOBURN 

PEABODY 

SWAMPSCOTT 

WRENTHAM 

PEMBROKE 

TEWKSBURY* 

QUINCY 

TOPSFIELD 

RANDOLPH 

WAKEFIELD 

READING 

WALPOLE 

REVERE 

WALTHAM 

ROCKLAND 

WATERTOWN 

ROCKPORT 

WAYLAND* 

SALEM 

WELLESLEY 

TABLE  2.  ORIGINAL  INDUSTRIAL  GROUPS  STUDIED 


r 


Pulp  and  Paper  Mills 

Paperboard,  Builders  Paper  and  Board  Mills 
Meat  Product  and  Rendering  Processing 
Dairy  Products  Processing 
Grain  Mills 

Canned  and  Preserved  Fruits  and  Vegetable  Processing 

Canned  and  Preserved  Seafood  Processing 

Sugar  Processing 

Textile  Mills 

Cement  Manufacturing 

Feedlots 

Electroplating 

Organic  Chemicals  Manufacturing 

Inorganic  Chemicals  Manufacturing 

Plastics  and  Synthetic  Materials  Manufacturing 

Soap  and  Detergent  Manufacturing 

Fertilizer  Manufacturing 

Petroleum  Refining 

Iron  and  Steel  Manufacturing 

Nonferrous  Metals  Manufacturing 

Phosphate  Manufacturing 
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TABLE  2.  ORIGINAL  INDUSTRIAL  GROUPS  STUDIED  (CONTINUED) 


j Steam  Electric  Power  Plants 

! 

I Ferroalloy  Manufacturing 

Leather  Tanning  and  Finishing 

Glass  and  Asbestos  Manufacturing 

Rubber  Processing  and  Timber  Products  Processing 

Hospitals 
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TABLE  3.  INDUSTRIAL  GROUPS  STUDIED 


SIC  CODE 

SIC  CODE  NAME 

0211 

Beef  Cattle  Feedlots 

0213 

Hogs 

0214 

Sheep  and  Goats 

025 

Poultry  and  Eggs 

201 

Meat  Products 

202 

Dairy  Products 

203 

Canned  and  Preserved 
Fruits  and  Vegetables 

204 

Grain  Mill  Products 

205 

Bakery  Products 

206 

Sugar  and  Confectionary 
Products 

2074-2076 
and  2079 

Fats  and  Oils 

2077 

Animal  and  Marine 
Fats  and  Oils 

208 

Beverages 

2091 

Canned  and  Cured 
Fish  and  Seafoods 

2092 

Fresh  or  Frozen  Packaged 
Fish  and  Seafood 

2095  and 
2097-2099 

Miscellaneous  Food 

Preparations  and 
Kindred  Products 


INCLUSION  CRITERIA 
>50,000  GPD 
>50,000  GPD 
>50,000  GPD 

> 50,000  GPD 

> 50,000  GPD 

> 50,000  GPD 

> 50,000  GPD 

> 50,000  GPD 

> 250  Emp. 

> 50,000  GPD 

> 100  Emp. 

> 50,000  GPD 

> 100  Emp. 

> 50,000  GPD 

> 50,000  GPD 

> 100  Emp. 
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TABLE  3.  INDUSTRIAL  GROUPS  STUDIED  (CONTINUED) 


SIC  CODE 


SIC  CODE  NAME 


INCLUSION  CRITERIA 


21 

22 

23 


Tobacco  Manufacturers 

Textile  Mill  Products 

Apparel  and  Other 
Finished  Products 
Made  from  Fabric  and 


> 250  Emp. 

> 50,000  GPD 


Similar  Materials 

^ 250  Emp. 

24 

Lumber  and  Vtood  Products, 

Except  Furniture 

> 50,000  GPD 

25 

Furniture  and  Fixtures 

> 250  Emp. 

261 

Pulp  Mills 

> 50,000  GPD 

262 

Paper  Mills,  Except 

Building  Paper  Mills 

> 50,000  GPD 

263 

Paperboard  Mills 

> 50,000  GPD 

264 

Converted  Paper  and  Paper- 

board  Products,  Except 

Containers  and  Boxes 

> 100  Emp. 

265 

Paperboard  Containers  and 

Boxes 

^ 100  Emp. 

266 

Building  Paper  and  Building 

Board  Mills 

> 50,000  GPD 

27 

Printing,  Publishing^and 

Allied  Industries 

> 250  Emp. 

281 

Industrial  Inorganic 

Chemicals 

50,000  GPD 

282 

Plastic  Materials  and 

Synthetic  Resins 

> 50,000  GPD 

9 


TABLE  3.  INDUSTRIAL  GROUPS  STUDIED  (CONTINUED) 


SIC  CODE 
283 

2841 

2842 


2843 


2844 

285 

286 

2873 

2874 

2875 
2879 

2891 

2892 

2893 


SIC  CODE  NAME  INCLUSION  CRITERIA 


Drugs 

Soap  and  Other  Detergents, 
Except  Specialty 
Cleaners 

Specialty  Cleaning, 
Polishing,  and 
Sanitation 
Preparations 

Surface  Active  Agents, 
Finishing  Agents, 
Sulfonated  Oils 
and  Assistants 

Perfumes,  Cosmetics,  and 
Other  Toilet 
Preparations 

Paints,  Varnishes,  Lacquers, 
Enamels  and  Allied 
Products 

Industrial  Organic  Chemicals 

Nitrogenous  Fertilizers 

Phosphate  Fertilizers 

Fertilizers,  Mixing  Only 

Pesticides  and  Agricultural 
Chemicals,  NEC 

Adhesives  and  Sealants 

Explosives 

Printing  Ink 


> 100  Emp. 
>50,000  GPD 


> 100  Emp. 


> 100 

Emp. 

> 100 

Emp. 

> 100 

Emp. 

>50,000 

GPD 

>50,000 

GPD 

>50,000 

GPD 

>50,000 

GPD 

> 100 

Emp. 

>50,000 

GPD 

> 100 

Emp. 

> 100 

Emp. 
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SIC  CODE  SIC  CODE  NAME  INCLUSION  CRITERIA 


2895 

Carbon  Black 

> 1 00  Emp . 

2899 

Chemicals  and  Chemical 
Preparations,  NEC 

>50,000  GPO 

291 

Petroleum  Refining 

>50,000  GPD 

r 

295 

Paving  and  Roofing 
Materials 

> 1 00  Emp . 

1 

299 

Miscellaneous  Products 
of  Petroleum  and 
Coal 

> 1 00  Emp . 

p 

1 

£ 

1, 

301 

Tires  and  Inner  Tubes 

>50,000  GPD 

> 

302 

Rubber  and  Plastic  Footware 

>50,000  GPD 

i 

303 

Reclaimed  Rubber 

>50,000  GPD 

1 

1 

! 304 

Rubber  and  Plastic  Hose 
and  Belting 

>50,000  GPD 

306 

Fabricated  Rubber  Products, 
NEC 

>50,000  GPD 

j 

307 

Miscellaneous  Plastic 
Products 

> 100  Emp. 

1 

311 

Leather  Tanning  and 
Finishing 

> 50,000  GPD 

313-317 
and  319 

Leather  Products 

> 250  Emp. 

321 

Flat  Glass 

> 50,000  GPD 

322 

Glass  and  Glassware, 
Pressed  or  Blown 

> 50,000  GPD 

! 

. 

1 
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TABLE  3.  INDUSTRIAL  GROUPS  STUDIED  (CONTINUED) 

SIC  CODE  SIC  CODE  NAME  INCLUSION  CRITERIA 


323 

Glass  Products,  Made  of 
Purchased  Glass 

> 

250  Emp. 

324 

Cement,  Hydraulic 

> 

50,000  GPD 

325 

Structural  Clay  Products 

> 

250  Emp. 

326 

Pottery  and  Related 
Products 

> 

250  Emp. 

327 

Concrete,  Gypsum,  and 
Plaster  Products 

> 

50,000  GPD 

328 

Cut  Stone  and  Stone 
Products 

> 

25D  Emp. 

3291,3293, 

3295-3297  and 

Abrasives  and  Miscellaneous 
3299  Nonmetal  11c  Mineral 

Products  > 100  Emp. 

3292  Asbestos  Products  > 50,000  GPD 


331-336  Primary  Metals  > 50,000  GPD 


Miscellaneous  Primary 
Metal  Products  > 250  Emp. 


Fabricated  Metal  Products, 

Except  Machinery  and 

Transportation  Equipment  > 250  Emp. 

Electroplating,  Plating, 

Polishing,  Anodizing, 

and  Coloring  > 50,000  GPD 

Coating,  Engraving,  and 
Allied  Services,  NEC  > 100  Emp. 
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TABLE  3.  INDUSTRIAL  GROUPS  STUDIED  (CONTINUED) 


SIC  CODE  SIC  CODE  NAME  INCLUSION  CRITERIA 

35  Machinery,  Except 

Electrical  > 250  Emp. 

36  Electrical  and  Electronic 

Machinery,  Equipment 

and  Supplies  > 250  Emp. 


371  Motor  Vehicles  and 

Motor  Vehicle 

Equipment  > 250  Emp. 


372 

Aircraft  and  Parts 

> 

100  Emp. 

373 

Ship  and  Boat  Building 

and  Repairs 

> 

100  Emp. 

374 

Railroad  Equipment 

> 

250  Emp. 

375 

Motorcycles,  Bicycles  and 

Parts 

■> 

250  Emp. 

376 

Guided  Missiles  and  Space 

Vehicles  and  Parts 

> 

250  Emp. 

379 

Miscellaneous  Transportation 

Equipment 

> 

250  Emp. 

38 

Measuring,  Analyzing  and  Con- 

trolling Instruments; 

Photographic,  Medical,  and 

Optical  Goods;  Watches  and 

Clocks 

> 

250  Emp. 

391 

Jewlery,  Silverware,  and 

Plated  Ware 

> 

250  Emp. 

393 

Musical  Instruments 

> 

250  Emp. 

394 

Toys  and  Amusements,  Sporting, 

and  Athletic  Goods 

> 

100  Emp. 
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395 

Pens.  Pencils  and 
Other  Office  and 
Artists'  Materials 

> 250  Emp. 

396 

Costume  Jewlery,  Costume 
Novelties.  Buttons 
and  Miscellaneous 
Notions.  Except  Precious 
Metal s 

> 250  Emp. 

399 

Miscellaneous  Manufacturing 
Industries 

> 250  Emp. 

4911 

Electric  Services 

>50.000  GPD 

4931 

Electric  and  Other  Services 
Combined 

>50,000  GPD 

806 

Hospitals 

>50,000  GPD 

14 


Thus,  the  scope  of  the  current  study  is  to  inventory  the 
discharges  of  the  larger  manufacturing  industries  in  the  109 
community  study  area.  This  report  includes  data  on  all 
industrial  sites  meeting  the  selection  criteria  in  Table  3. 

To  allow  planning  to  meet  future  wastewater  disposal  needs, 
the  expected  industrial  waste  loads  were  projected  well  into 
the  future.  Current  levels  of  industrial  waste  were  projected 
to  the  years  1990,  2020  and  2050  to  provide  a basis  for  the 
intermediate  and  long-range  planning  of  waste  treatment 
facilities. 

The  limitations  of  the  study  are  those  of  scale.  The  purpose 
of  the  study  is  to  collect  information  on  the  magnitude  and 
composition  of  industrial  wastewater  discharges  for  industrial 
groups  at  the  regional  level.  The  techniques  used  and  the 
data  collected  are  appropriate  to  this  scale.  Thus,  the  data 
contained  herein  are  only  appropriate  for  use  at  that  scale 
and  for  the  industries  covered.  It  is  not  intended  to 
characterize  exactly  any  one  site  or  local  area,  but  rather  to 
provide  data  on  the  aggregation  of  industrial  sites  in  the 
region  based  on  existing  data. 

Finally,  one  of  the  purposes  of  this  study  was  to  develop  a 
usable  data  acquisition  system  and  computer  plotting  routine 
to  allow  the  manipulation  and  mapping  of  the  collected  data. 
Such  a system  is  required  if  the  data  bank  is  to  become  more 
than  an  artifact.  The  system  developed  for  this  study  allows 
almost  unlimited  flexibility  in  selecting  from  the  data  bank 
and  provides  maps  of  the  selected  industrial  locations  at  a 
scale  of  1:150000  (1"=12,500‘)  for  the  rapid  identification 
and  location  of  concentrations  of  industrial  dischargers,  and 
at  a scale  of  1:24000  (1"»2,000')  for  detailed  plotting  and 
correlation  to  standard  scale  USGS  Quadrangle  Maps.  In 
addition,  USGS  Quadrangle  Maps  which  provide  accurate 
locations  for  single  sites  are  furnished  with  this  report. 
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Data  were  collected  on  the  larger  representatives  of  most 
industrial  groups  found  in  the  109  communities  in  the  Eastern 
Massachusetts  Metropolitan  Area.  For  each  of  the  253 
representatives  of  these  industrial  categories,  data  were 
collected  on  the  source  and  amount  of  industrial  water  use  and 
the  place  and  amount  of  industrial  process  water  discharge. 
Data  on  the  kind  and  amount  of  wastes  contained  in  each 
wastewater  stream  were  collected  where  known,  and  estimated 
where  unknown. 

This  information  was  then  transferred  to  a computer-assisted 
data  manipulation  and  plotting  system  designed  for  this 
purpose.  This  allowed  the  listing  and  plotting  of  all  data  or 
selected  portions  of  the  data. 

The  data  manipulations  performed  indicated  that  the  current 
level  of  industrial  process  water  discharge  in  the  study  area 
is  over  34,200,000  gallons  per  day  for  the  industrial  entities 
surveyed.  Of  this,  33,900,000  gallons  per  day  (99%  of  the 
total)  are  being  discharged  by  the  95  largest  dischargers, 
while  49  of  the  surveyed  locations  discharged  no  process 
water. 

Additional  manipulations  of  the  data  indicated  for  the 
industries  surveyed  the  following  distribution  of  process 
wastewater  discharges  by  industrial  group:  the  chemical 
industries  (SIC  Code  28),  26%;  the  food  industry  (SIC  Code 
20),  22%;  the  paper  industries  (SIC  Code  26),  16%;  and  the 
textile  industry  (SIC  Code  22),  oL 

Finally,  the  data  were  used  as  the  basis  for  the  projection  of 
future  industrial  waste  loads  in  the  area.  These  predictions 
indicate  that  improvements  in  water  use  technology  will  offset 
expected  growth  in  industrial  production  to  a great  extent. 
In  fact,  process  wastewater  volume  from  the  surveyed 
industries  is  expected  to  remain  constant  until  1990,  followed 
by  a rise  to  about  50,000,000  gallons  per  day  by  2050.  It  is 
possible,  however,  that  these  rises  may  be  even  less  because 
of  the  expected  implementation  of  i.x)re  stringent  Federal 
controls  on  industrial  discharges  and  the  consequent  adoption 
of  better  treatment  processes  by  the  individual  industries. 
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2.0  METHOD 


To  treat  the  industrial  wastewater  production  in  the  study 
area  properly,  it  was  necessary  to  develop  and  to  use  many 
sources  of  information.  In  an  ideal  situation,  each 
industrial  firm  would  know  and  divulge  full  information  on  its 
use  and  discharge  of  water  at  a given  location.  This, 
however,  is  seldom  the  case.  In  most  instances,  an  individual 
industrial  entity  will  know  its  water  use  but  will  have  no 
idea  of  the  quality  or  quantity  of  its  process  wastewater. 
Therefore,  it  was  necessary  to  develop  a method  of  estimating 
wastewater  quality  and  quantity  for  those  industries. 


2.1  Data  Sources 


Several  kinds  of  data  sources  were  used  to  compile  information 
on  industrial  discharges.  These  sources  varied  widely  in 
quality  and  completeness.  Material  was  gathered  from  local 
public  and  university  libraries,  the  U.  S.  Environmental 
Protection  Agency,  the  Army  Corps  of  Engineers,  and  the 
Massachusetts  Division  of  Water  Pollution  Control.  Other 
information  sources  included  agencies  and  organizations 
serving  local  Industries  and  various  Massachusetts  State 
government  departments. 


2.1.1  NPDES  Permit  Applications 


The  most  extensive  and  complete  body  of  industrial  discharge 
data  was  found  in  the  National  Pollution  Discharge  Elimination 
System  (NPDES)  Permit  Applications.  These  applications  are 
filed  with  the  U.S.  EPA  by  any  Industrial  site  discharging 
Into  navigable  waters.  Files  of  these  applications  are 
maintained  by  the  EPA  offices  In  Boston  and  by  Massachusetts 
Division  of  Water  Pollution  Control.  Both  files  were  searched 
for  applications  by  firms  Included  In  the  study.  When 
available,  such  applications  Include  extensive  Information  on 
the  location,  quantity,  and  constituents  of  each  site's 
discharge. 
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2.1.2 


Metropolitan  District  Coninission  Files 


The  Metropolitan  District  Commission  has  sent  questionnaires 
to  industries  in  the  MDC  communities.  The  responses  to  these 
questionnaires  were  reviewed  to  extract  usable  information. 
In  most  cases,  the  information  included  the  quantity  of 
discharge  and  a qualitative  description  of  effluent  quality. 


2.1.3  Comparison  to  Similar  Sites 


Frequently,  no  data  were  available  on  an  industrial  site 
similar  in  both  process  and  size  to  another  site  for  which 
extensive  information  was  available.  In  such  cases,  data  from 
the  known  site  were  used  to  estimate  effluent  quantity  and 
quality  for  the  other  site  or  to  refine  qualitative 
information,  such  as  found  in  the  MDC  Questionnaire  responses. 


2.1.4  Telephone  Query 


When  existing  data  banks  did  not  contain  information  on 
wastewater  at  a site,  a telephone  interview  was  used  to 
establish  the  data.  In  some  cases,  full  information  was 
received  in  this  fashion.  Additionally,  phone  contact  was 
used  to  confirm  general  data  (employment,  SIC  Code,  water 
consumption,  etc.)  at  most  sites. 


2.1.5  Literature  Search 


When  all  other  avenues  of  information  gathering  were 
exhausted,  studies  of  industrial  effluent  found  in  the 
literature  were  used  to  estimate  wastewater  quantity  and 
quality.  A bibliography  of  the  literature  reviewed  for  this 
study  is  found  in  Appendix  J. 
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Wastewater  figures  found  In  the  literature  for  a particular 
industry  were  compared  and,  where  possible,  averaged  together 
to  provide  generalized  figures  for  wastewater  and  pollutant 
quantities.  An  attempt  was  made  to  locate  as  many  case 
studies  as  possible  on  an  industry  so  that  generalized  values 
would  represent  a broad  cross  section  of  the  industry.  Where 
a study  was  found  to  present  already  compiled  and  sunmarized 
wastewater  figures  for  a large  number  of  individual  sites, 
this  information  was  used  in  the  estimation  of  effluent 
quality. 


2.1.6  Discussion  of  the  Industrial  Literature 


The  bibliography  presented  in  Appendix  J was  prepared  from 
existing  information  found  in  the  scientific  literature. 
Thus,  its  completeness  and  accuracy  are  dependent  upon  the 
quality  of  that  literature.  It  became  apparent  during  the 
course  of  this  study  that,  for  the  most  part,  the  availability 
of  wastewater  literature  on  an  industry  was  directly 
proportional  to  the  severity  of  its  pollution  load.  For 
example.  Pulp  and  Papermaking,  Textiles,  and  Leather  are  large 
users  of  water  and  often  heavy  polluters,  and  the  wealth  of 
literature  on  them  reflects  this.  On  the  other  hand.  Glass 
manufacture  requires  almost  no  water  and  uses  primarily 
silica,  which  is  chemically  inert,  as  a raw  material.  In  this 
case,  the  literature  contains  almost  no  reference  to 
wastewater  quality. 

Additionally,  several  of  the  industrial  categories  exhibit 
peculiarities  of  a particular  industry  within  that  category  or 
peculiarities  of  the  representatives  of  an  industry  in  the 
study  area.  These  are  discussed  individually  below. 


Chemical  Industries,  Plastics  Industries:  These  groups 
require  special  treatment  on  a site-by-site  basis.  Each  group 
includes  a broad  range  of  different  processes,  and  no  general 
summary  of  their  wastewater  quality  is  possible.  Thus,  the 
bibliographies  presented  for  these  groups  reflect  very  broad 
groups  of  processes  and  cannot  be  used  for  accurate  estimation 
of  effluent  quality. 
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Feedlots:  For  the  purposes  of  this  study  the  feedlot 
industry  is  defined  as  the  close-penning  and  intensive  feeding 
of  livestock  for  the  purposes  of  fattening  the  animals  for 
market.  Agricultural  raising  of  stock  where  pasturage  is 
important  in  the  feeding  of  animals  is  excluded  from  this 
category.  There  are  no  feedlots,  as  such,  in  the  study  area. 
A search  of  public  records  and  contacts  with  State  officials 
failed  to  reveal  any  penned-feeding  of  beef  or  sheep.  Poultry 
farms  and  swine  herds  were  also  investigated.  All  poultry 
farms  were  called,  and  it  was  discovered  that  they  all  confine 
their  birds  and  collect  the  manure  for  sale  as  fertilizer.  In 
this  way,  they  realize  an  extra  profit.  The  hog  farms  in  the 
study  area  also  failed  to  provide  what  could  be  called  feedlot 
conditions.  Discussions  with  Mr.  Walter  Lewis  of  the 
Massachusetts  Division  of  Animal  Health  indicated  that  the  hoy 
farmers  of  the  area  held  land  in  ratio  to  their  numbers  of 
animals  and  did  not  close-pen  therii,  as  would  be  the  case  in  a 
feedlot. 


Dairy  Products  Processing;  The  representatives  of  the  dairy 
product  industries  knew  less  about  their  wastes  than  any  other 
group.  Therefore,  effluent  quality  was  estimated  for  nearly 
all  representatives.  This  resulted  in  what  appears  to  be  an 
unusually  large  estimated  discharge  of  mercury,  based  on 
literature  reports  of  milk  waste  contents.  The  mercury 
amounts  listed  for  representatives  of  the  dairy  products 
industry  may  be  excessive  and  should  be  viewed  with  some 
caution. 


2.2  Location  Surveys 


To  collect  location  and  site-specific  data  on  the  industrial 
groups  covered  by  the  study,  a set  of  industrial  designations 
which  would  allow  an  accurate  identification  of  the  operations 
at  a particular  site  was  used.  The  set  employed  was  found  in 
the  Standard  Industrial  Classification  Manual-1972,  published 
by  the  U.S.  Office  of  Management  and  Budget.  The 
correspondence  between  industry  group  names  and  the  Standard 
Industrial  Classification  (SIC)  Codes  is  given  in  Table  3. 
These  codes  represent  the  major  process  in  a plant,  even 
though  subprocesses  might  fall  under  other  codes.  An  example 
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of  this  is  the  electroplating  associated  with  the  production 
of  electronic  components.  This  listing  allows  the  separation 
of  industries  into  fine  breakdowns  of  product  and  process. 
One  note  is  in  order  about  the  SIC  Codes.  The  manual  assigns 
the  digits  of  code  sequentially,  so  that  all  textile  mills 
have  22  as  the  first  two  digits  of  their  code.  Where  groups 
of  industries  correspond  to  two-  or  three-digit  SIC  groups, 
only  the  major  group  code  is  included  in  Table  3.  In  some 
instances,  however,  a four-digit  code  must  be  used  to  describe 
a group  where  processes  or  water  use  differs  greatly  between 
two-  or  three-digit  group  members.  This  is  the  case  with 
Electroplating. 

Two  additional  items  of  preparatory  work  were  necessary  for 
location  surveys.  The  first  was  the  selection  of  a mapping 
scale  and  base  maps.  The  locations  surveyed  were  mapped  on 
uses  Quadrangle  Maps  at  a scale  of  1:24000  (1  inch=2000  feet). 
The  location  system  for  the  study  area  is  presented  in  Figure 
2,  which  shows  the  location  of  the  USGS  Quadrangle  Maps 
necessary  to  cover  the  study  area.  A discussion  of  the  use  of 
the  location  coordinate  system  is  presented  in  Section  2.2.2. 

Finally,  a data  form  was  devised  to  allow  the  consistent 
presentation  of  data  on  each  industrial  location  and  to 
facilitate  the  transfer  of  this  information  into  a data 
retrieval  system.  The  form  is  shown  in  Figure  3 and  provides 
the  framework  for  the  inventory  discussion  in  Section  2.2.2, 
below. 


2.2.1  Industry  Site  Lists  and  Verification 


The  list  of  industrial  sites  in  each  SIC  Code  group  covered  by 
the  study  which  meets  the  employment  criteria  listed  in  Table 
3 was  compiled  from  the  1973  edition  of  the  Directory  of  New 
England  Manufacturers.  This  list  was  verified  by  consulting 
with  the  Massachusetts  Department  of  Commerce  and  by 
individual  telephoning.  Mr.  William  Tsasfaras,  of  the 
Department  of  Commerce,  indicated  that  their  data  files  had 
been  used  in  the  preparation  of  the  New  England  Directory  and 
that  the  1973  version  should  be  complete  as  of  January  1, 
1973.  This  was  substantiated  by  spotcheck  verification,  using 
the  yellow  pages  of  the  telephone  directory.  Finally,  about 
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60%  of  the  locations  listed  in  the  study  area  were  called 
individually.  This  allowed  elimination  of  those  firms  which 
are  offices  or  retail  branches  of  manufacturing  companies  as 
well  as  those  which  have  ceased  operation  since  January  1, 
1973,  and  those  which  have  reduced  their  number  of  employees 
below  the  criteria  values.  Thus,  the  list  of  industrial  sites 
was  positively  verified  to  insure  complete  coverage  and 
negatively  verified  to  eliminate  nonproducing  locations.  This 
listing,  which  identifies  by  name  and  address  all  industrial 
sites  within  the  study  area  represented  by  the  categories  and 
criteria  listed  in  Table  3,  is  a portion  of  the  data  presented 
in  Appendix  A. 


2.2.2  The  Data  Form 


Specific  data  for  the  industrial  locations  are  discussed  in 
the  order  that  they  appear  on  the  data  collection  form. 


Location  #:  A location  number  was  assigned  to  each  site 
Inventoried.  This  number  is  simply  a numerical  identifier  for 
a specific  site.  Location  numbers  were  assigned  so  that  a 
town  is  generally  represented  by  a block  of  sequential 
numbers.  Note,  however,  that  locations  taken  from  the  earlier 
study  have  maintained  their  original  location  numbers. 


SIC  Code:  The  four-digit  SIC  Code  for  each  location  was  taken 
from  the  Directory  of  New  England  Manufacturers.  The 
Directory  is  based  on  the  1967  version  of  the  Code,  but 
listings  were  converted  to  1972  designations  in  those  cases 
where  there  had  been  a change. 


Name,  Address  and  Town:  The  name,  street  address  and  town  of 
each  industrial  iTte  are  listed  on  the  data  forms  in 
abbreviated  fashion  to  conserve  space.  The  name  and  address 
are  abbreviated  to  15  characters  each,  and  the  town  is 
represented  by  a three-letter  code,  as  indicated  in  Table  4. 
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Location:  The  geographical  locations  of  the  individual 
industrial  sites  were  found  by  consulting  maps  in  the 
Assessors'  offices  of  the  towns  in  the  study  area.  These 
locations  were  then  transferred  to  USGS  Quadrangle  Haps, 
which  form  the  basis  of  the  location  coordinate  system 
presented  earlier  in  Figure  2.  The  Quadrangle  Maps  are 
included  with  this  report  under  separate  cover. 

The  units  used  to  enter  the  location  coordinates  on  the  data 
form  correspond  to  a grid  of  200  feet.  The  scale  of  the  USGS 
Haps  is  1"=2000  feet,  so  each  grid  square  equals  one  tenth  of 
an  inch  at  this  scale.  Thus,  one  unit  of  a location 
coordinate  refers  to  200  feet  in  tlie  real  world.  The  USGS 
Quadrangle  Maps  which  cover  the  study  area  were  assigned 
corner  coordinates  based  on  this  scale,  as  seen  in  Figure  2. 
To  find  the  coordinates  of  a point  on  one  of  the  Quadrangle 
Maps,  it  is  necessary  only  to  note  the  coordinates  of  the 
lower  left  corner  of  the  quadrangle  in  Figure  2 and  then 
measure  the  distance  from  the  lower  left  corner  to  the  point 
along  the  horizontal  and  vertical  directions  in  tenths  of 
inches  and  add  these  to  the  corner  coordinates.  The  X 
location  refers  to  the  distance  along  the  horizontal  axis,  and 
the  ^ location  indicates  distance  along  the  vertical  axis. 

An  example  might  be  helpful.  Suppose  a location  is  mapped  ten 
inches  from  the  left-hand  margin  of  the  Natick  Quadrangle  Hap 
and  five  inches  from  the  bottom.  Reference  to  Figure  2 
indicates  that  the  lower  left  corner  coordinates  of  that 
quadrangle  are  X=510,  Y=682.5.  The  coordinates  of  the  point 
of  interest  are  +100  units  (10  inches)  in  the  horizontal  (X) 
direction  and  +50  units  (5  inches)  in  the  vertical  (Y) 
direction  as  measured  from  the  lower  left  of  the  quadrangle. 
Thus,  the  coordinates  of  the  point  are  X=510  + 100  = 610  and 
Y=602.5  + 50  = 732.5.  On  the  data  sheet,  these  are  rounded  to 
the  nearest  whole  unit  and  would  lx-  entered  as  X=610,  Y=/33. 


Seasonal  Production:  The  variation  in  seasonal  production  was 
taken  from  the  individual  phone  umtacts.  Most  industries 
showed  uniform  production  over  the  /ear.  The  chief  exceptions 
to  this  were  the  food  industries  (SIC  Code  20).  These 
industries,  as  expected,  show  seasonal  variations  of 
production  reflecting  availability  of  raw  produce  and 
livestock.  As  a group,  these  industries  tend  to  show  higher 
summer  and  fall  production  than  wintei  and  spring  production. 
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There  were  also  a few  locations  in  tanneries  (SIC  Code  3111) 
and  chemicals  (SIC  Code  28)  which  showed  seasonal  variation, 
but  their  number  was  so  few  that  valid  generalizations  are 
impossible. 


Number  of  Employees:  The  number  of  employees  was  taken  from  i 
the  Directory  of  New  England  Manufacturers  and  confirmed  by  j 
the  telephone  contacts.  | 


Water  Use:  Major  water  source,  total  consumption,  process 

water  discharge,  major  place  of  discharge,  and  treatment 
information  were  generally  collected  from  phone  contact  with 
individual  manufacturing  plants.  If  water  use  figures  were 
not  available  from  this  source,  the  town  water  departments  ■ 

were  contacted  to  give  figures  for  those  industries  on  " 

municipal  systems.  Information  on  water  use  was  also  ! 

available  from  NPDES  permit  applications  kept  on  file  by  the  [ 

Environmental  Protection  Agency  and  the  Division  of  Water  ■ 

Pollution  Control  for  those  industries  whose  wastewater  is  \ 

discharged  to  a river  or  stream,  and  from  the  MDC  i 

Questionnaire  responses  for  many  industries  in  the  MDC  ! 

communities.  Where  none  of  these  sources  was  able  to  provide  ! 

this  information,  estimates  of  water  use  were  made  by  using  » 

the  industrial  literature  surveys,  by  comparison  to  similar  I 

sites  in  the  area,  or  by  applying  data  contained  in  The  j 

Economics  of  Clean  Water,  published  by  the  U.  S.  Environmental 
Protection  Agency  ?n  1972.  The  Economics  of  Clean  Water  . 

contains  breakdowns  of  industrial  process  water  discharge  for  | 

each  area  of  the  country  by  four-digit  SIC  Code.  j 

It  should  be  noted  that  the  discharge  coded  is  process  water  | 

only  and  does  not  include  cooling  water  and  sanitary  water 
requirements.  Thus,  many  locations  that  use  large  quantities 
of  cooling  water  may  show  very  large  total  consumption  and 
very  low  or  zero  discharges. 

The  entries  for  treatment  and  efficiency  represent  estimates 
of  the  in-house  treatment  provided  at  a location.  "1"  refers 
to  primary  treatment,  such  as  screening,  settling  and 
neutralization;  "2"  refers  to  secondary  treatment,  normally  by 
bacterial  action,  and  "3"  refers  to  tertiary  treatment,  such 
as  ion  exchange.  Estimations  were  marked  by  asterisks  on  the 
data  sheets,  which  form  a part  of  the  backup  documentation  for 
this  report. 
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Pollutants:  For  many  of  the  industrial  locations,  figures  for 
industrial  wastewater  pollutants  were  provided  by  the  IlPDES 
permit  files  or  by  the  companies  themselves.  Where  this  was 
not  the  case,  estimates  of  pollutant  loads  were  made  from  the 
industrial  literature  surveys  or  by  comparison  to  other 
similar  sites  for  which  data  were  available.  The  first  eight 
pollutants  are  commonly  listed  and  were  given  assigned 
locations  on  the  data  form.  Metals  and  other  pollutants  codes 
used  to  identify  the  metals  and  other  pollutants  are  given  in 
Table  5.  For  the  metals,  the  total  of  all  oxidation  states 
was  used,  due  to  the  paucity  of  information  on  the  valence 
characteristics  of  the  metals  in  manufacturing  effluent.  As 
before,  estimated  quantities  are  marked  with  an  asterisk  on 
the  data  sheet.  Additionally,  the  source  of  data  used  is 
entered  as  a metal  or  other  pollutant,  as  indicated  by  the 
note  to  Table  5.  When  no  discharge  was  discovered,  no  data 
source  was  entered.  In  this  case,  a "-1"  appears  in  the  data 
source  listing  to  indicate  that  it  was  left  blank.  If  more 
than  one  data  source  was  used,  all  were  coded.  Thus,  "35" 
indicates  source  "3"  and  source  "5"  were  used. 


2.3 


Data  Retrieval  and  Plottinc 


To  allow  efficient  use  of  the  data  files  developed  by  the 
location  surveys,  a computer  data  retrieval  system  and  a 
plotting  routine  have  been  developed  and  are  in  operation. 
This  system  consists  of  a data  verification  routine,  a data 
loader,  a data  selection  routine  and  a plotting  routine.  The 
system  is  designed  to  handle  data  from  this  study,  but  can  be 
expanded  to  include  contiguous  areas  which  are  being  or  will 
be  studied.  A full  description  of  the  data  handling  system  is 
found  in  the  User's  Manual  - ECOSYS  - A Computer  Program 
System  (JASON  M.  CORTELL  and  ASSOCIATES,  INC.,  March  1974). 


2.3.1  Data  Verification 


The  first  stage  in  using  the  data  retrieval  system  is  to 
encode  the  data  from  location  surveys  onto  computer  cards. 
The  card  labels  and  card  column  numbers  on  the  data  form 
indicate  the  form  of  these  cards.  Five  cards  are  necessary  for 
each  location,  even  if  some  of  them  contain  only  the 
identification  number  and  sequence  number  (which  is  preprinted 
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TABLE  5.  METALS  AND  "OTHERS"  CODES  (CONTINUED) 
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Designations  used  in  this  study  were:  1)  NPDES  Permit  Applications,  2)  MDC 
Questionnaire  Responses,  3)  Comparison  to  Similar  Sites,  4)  Literature,  and 
5)  Phone  Contact. 


on  the  data  sheets).  This  transfer  of  information  from  data 
sheet  to  computer  card  will  seldom  be  without  error.  For  this 
reason,  the  first  portion  of  the  data  retrieval  system  is  a 
data  verifier  which  checks  the  coded  data  for  a number  of 
common  errors. 


Number  and  Sequence  of  Cards:  Each  location  number  must  be 

represented  by  five  cards  in  numerical  order. 


Shifted  Data  Entry:  Blanks  have  been  left  in  the  data  format 
between  each  data  field.  This  allows  a check  for  shifted  data 
by  checking  those  blanks.  Another  check  is  available  because 
all  numeric  entries  are  right-justified.  Any  deviation  from 
this  is  considered  an  error  by  the  verifier. 


Format:  Those  columns  which  contain  only  numeric  data  are 

checked  for  the  presence  of  alphabetic  characters. 


Improper  Codes:  Metals  and  other  pollutants  are  entered  by 
the  code  designations  shown  in  Table  5.  Any  other  letters  or 
symbols  in  those  fields  are  rejected.  This  is  also  true  for 
the  codes  given  on  the  data  sheet  for  water  source  and  place 
of  discharge. 

When  any  of  these  errors  are  encountered  in  a check,  a message  | 

is  printed  indicating  the  total  number  of  errors  in  the  deck 
and  the  location  and  type  of  each  error.  This  allows  the  data 
deck  to  be  corrected  before  final  loading. 


2.3.2  Data  Loading 


The  data  loader  takes  data  which  has  been  verified  and 
corrected  and  loads  it  into  a computer  tape  or  disk  file  for 
storage  and  later  manipulation.  The  only  processing  done  by 
the  loader  is  that  it  distinguishes  between  zeroes  and  blanks. 
Thus,  any  field  showing  blanks  is  loaded  as  a "-1",  and  any 
field  showing  a zero  is  given  a value  of  "P"  (zero).  This 
allows  a distinction  to  be  made  between  fields  for  which 
information  is  not  entered  and  fields  which  are  known  to  be 
zero. 
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2.3.3  Data  Selection 


When  the  data  has  been  loaded  into  a file,  a number  of 
selections  may  be  made  on  the  data  and  listed  separately. 
This  allows  the  selection  of  that  portion  of  the  data  file 
which  is  of  interest.  A selection  may  be  made  on  any  one 
parameter,  on  several  parameters,  or  on  a function  of  one  or 
more  parameters.  The  only  fields  which  may  not  be  selected  on 
are  "Location  Number,"  "Name,  Address,"  and  "Location."  This 
was  done  to  preserve  anonymity  of  data  on  individual 
locations. 

Selection  criteria  which  are  available  are  "greater  than," 
"less  than,"  and  "equal  to."  These  may  be  grouped  using 
logical  statements  to  select  ranges  (i.e.,  BOD  between  10  and 
100  lb.  per  day)  and  other  groupings  of  the  data.  The  logical 
statements  which  are  available  are  "and,"  "or"  and  a 
negation.  The  results  of  any  selection  made  are  printed  out, 
followed  by  a simmary  of  the  records  selected.  This  sumnary 
includes  the  number  of  records  read,  the  number  of  records 
selected,  the  maximum  and  minimum  location  coordinates  of  the 
records  selected  and  a breakdown  of  the  numerical  fields  in 
the  records,  including  the  number  of  observations,  the  total, 
and  the  average.  Examples  of  several  selections  are  given  in 
Section  3,  and  a full  description  of  the  selection  routine  is 
given  in  the  User's  Manual  which  accompanies  this  report. 


2.3.4  Plotting 


When  a selection  has  been  made,  the  selected  records  can  be 
mapped  by  the  computer.  The  plotting  routine  has  been 
designed  to  use  a line  printer,  so  that  the  plots  of  the 
location  of  the  selected  points  may  be  obtained  simultaneously 
with  the  listings.  Plots  may  be  had  at  a scale  of  1 ">12,500' 
or  1 ">2,000'.  The  plot  routine  attempts  to  place  the  data  at 
its  actual  location.  If,  however,  it  cannot  fit  all  the 
points  required  into  an  area,  it  will  shift  them  horizontally 
as  far  as  2.5  inches  in  an  attempt  to  plot  them.  True  plotted 
points  are  shown  as  "XX"  and  shifted  points  as  If  a 
point  cannot  be  plotted  within  2.5  inches  of  its  location,  it 
is  not  plotted.  Such  points  are  listed  as  "lost  due  to 
collision"  as  part  of  the  plot  routine  output. 
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3.0 


PRESENTATION  AND  DISCUSSION  OF  DATA 


V/hen  the  data  for  the  large  industrial  locations  in  the 
Eastern  Massachusetts  Metropolitan  Area  had  been  compiled,  the 
completed  data  forms  were  keypunched  and  computerized.  The 
data  retrieval  and  plotting  system  was  then  used  to  sort  the 
data  into  various  forms  for  presentation  and  discussion. 


3.1 


The  Large  Industries 


Appendix  A contains  the  listing  of  the  253  large  industrial 
locations  in  the  study  area  which  met  the  selection  criteria 
in  Table  3.  The  locations  of  the  individual  sites  are 
indicated  on  Figure  4.  The  tabulation  and  plotting  reveal 
several  significant  points  about  industrial  wastewater  in  the 
Eastern  Massachusetts  Metropolitan  Area. 

First,  process  water  discharges  total  in  excess  of  34,000,000 
gallons  per  day  from  the  253  large  sites.  Contamination 
levels  are  also  quite  high.  This  waste  stream  contains  over 
74,000  pounds  of  Biochemical  Oxygen  Demand  and  119,000  pounds 
of  Chemical  Oxygen  Demand.  In  addition,  many  other  pollutants 
are  present  in  the  waste  stream  in  large  amounts. 

Second,  the  industrial  locations  tend  to  concentrate  in 
groups.  This  is  particularly  true  of  the  areas  around  Boston. 
These  dense  groupings  are  of  particular  interest  in  planning 
waste  disposal  systems. 

Finally,  an  examination  of  the  listings  in  Appendix  A will 
indicate  that  a few  locations  discharge  a great  deal  of 
process  water,  while  many  locations  discharge  little  or  no 
process  water.  This  is  true  even  though  only  industrial  sites 
with  large  numbers  of  employees  are  included  in  this  survey. 
These  conditions  were  investigated  by  selecting  from  the  data 
file  on  the  size  of  discharge. 

Appendix  B and  Figure  5 show  those  industries,  regardless  of 
SIC  category,  discharging  greater  than  50,000  gallons  per  day. 
Although  there  are  only  95  such  locations,  they  discharge 
about  99%  of  the  total  daily  process  wastewater  load  of  the 
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surveyed  industries.  The  sites  are  scattered  throughout  the 
area,  but  concentrations  of  them  occur  in  Boston  and  the 
Peabody- Salem  area. 

These  large  dischargers  are  particularly  interesting  since 
they  may  be  more  easily  controlled  than  the  more  numerous 
small  dischargers. 

Another  point  of  interest  is  the  SIC  classifications  of  these 
discharges.  Although  many  codes  are  represented  in  the  list. 
Code  20  (Foods),  with  29  sites  discharging  greater  than  50,000 
gallons  per  day.  Code  31  (Tanning),  with  17  sites  in  this 
list,  and  Codes  28,  29,  and  30  (Chemicals,  Petroleum,  and 
Rubber)  with  13  representatives  account  for  the  major  portion 
of  the  larger  dischargers  (59  sites  out  of  95  total). 

Appendix  C and  Figure  6 indicate  those  industrial  locations 
which  discharge  no  process  wastewater.  There  are  124  such 
locations  in  the  study  area.  These  zero  dischargers  are  not 
confined  to  any  well-defined  group  of  SIC  Codes. 


3.2 


Additional  Listings 


To  provide  a further  breakdown  of  the  surveyed  industrial 
categories,  six  additional  selections  were  made  and  plotted. 
These  additional  breakdowns  are  used  in  Section  4 to  allow 
predictions  of  future  waste  loads. 

Appendix  D and  Figure  7 show  all  of  the  food  industries  (SIC 
Code  20)  in  the  study  area.  There  are  37  such  locations 
concentrated  in  Boston  and  north.  Their  total  daily  discharge 
is  7,884,000  gallons  (23%  of  the  total  for  all  industries 
surveyed).  As  would  be  expected  from  the  organic  nature  of 
their  products,  they  are  high  producers  of  BOD  load, 
discharging  46,000  pounds  per  day  (62%  of  the  total  BOD 
discharge  by  the  surveyed  Industries). 

Appendix  E and  Figure  8 present  the  20  representatives  of  the 
textile  industry  (SIC  Code  22).  These  locations,  concentrated 
in  Boston,  Waltham,  Watertown,  Stoughton,  and  Avon,  discharge 
a total  of  2,100,000  gallons  of  process  wastewater  per  day, 
accounting  for  6%  of  total  discharge  from  the  surveyed 
industries. 
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Appendix  F and  Figure  9 show  the  22  paper  Industry  (SIC  Code 
26)  locations.  Collectively,  these  locations  discharge 
5,170,000  gallons  of  process  wastes  per  day  (15%  of  the 
total),  with  one  site  (location  #352)  discharging  over  four 
million  gallons  per  day. 

Appendix  G and  Figure  10  list  and  map  the  chemical  and  allied 
products  producers  (SIC  Codes  28,  29,  and  30)  In  the  study 
area.  These  23  plants  discharge  10,090,000  gallons  of  process 
water  per  day.  This  represents  29%  of  the  total  Industrial 
discharge  and  Indicates  that  this  group  Is  the  largest  single 
source  of  Industrial  process  wastewater  In  the  group  of  large 
Industrial  sites  covered  by  this  study. 

Finally,  Appendix  H and  Figure  11  show  the  metals  and  metal 
products  Industry  (SIC  Codes  33,  34,  35,  and  37)  In  the  area. 
This  group,  with  47  representatives,  discharges  1,900,000 
gallons  of  wastewater  per  day,  6%  of  the  total  process  water 
discharge  from  the  surveyed  sites. 

Together,  these  five  groups  discharge  27,150,000  gallons  of 
industrial  process  wastewater  per  day.  This  Is  roughly  80%  of 
the  total  discharge  from  the  surveyed  industries  and  confirms 
the  results  of  other  studies,  (Merrimack;  Designs  for  a Clean 
River),  which  indicate  that  these  industries  are  normally  the 
heaviest  users  and  dischargers  of  water  among  the  various 
Industries.  The  one  unusual  fact  which  Is  apparent  from  this 
breakdown  is  the  small  contributions  of  the  metal  and  textile 
industries,  which  are  often  among  the  heaviest  producers  of 
wastewater.  The  explanation  for  this  lies  In  the  form  these 
two  Industries  have  taken  In  Eastern  Massachusetts.  The 
area's  metal  industries,  far  removed  from  major  coal  and  ore 
sources,  engage  In  little  smelting.  Rather,  the  metal 
producers  purchase  raw  stock  elsewhere  and  are  primarily 
Involved  in  producing  various  objects  from  this  purchased 
stock,  using  water  mostly  for  cooling  only.  The  textile 
industry  In  the  area  Is  dominated  by  garment  manufacture  and 
the  weaving  of  broad  goods  from  pre-dyed  yarns,  neither  of 
which  requires  large  use  of  water. 
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4.0 


FUTURE  WASTE  LOAD  PROJECTIONS 


In  estimating  the  future  industrial  wastewater  loads  within 
the  study  area,  several  assumptions  were  made.  This  was 
necessitated  by  the  fact  that  quantitative  projections  have 
normally  been  undertaken  for  ir.custrial  water  consumption 
rather  than  wastewater  discharge. 

It  was  assumed,  therefore,  that  discharge  is  directly  related 
to  consumption  and  is,  in  fact,  a constant  percentage  of 
consumption.  This  implies  that,  as  industrial  processes 
become  more  efficient  in  their  use  of  water,  both  intake  and 
discharge  will  decrease  by  similar  amounts. 

The  basis  for  this  assumption  is  that  recycling  can  be 
expected  to  shift  both  process  water  consumption  and  discharge 
downward  as  follows.  Suppose  a plant  uses  water  once  through 
and  has  a five  percent  evaporative  loss  in  its  process.  One 
hundred  gallons  of  intake  would  entail  ninety-five  gallons  of 
discharge.  Now  let  us  suppose  that  the  water  is  recycled  for 
a second  pass.  An  original  100  gallons  would  be  reduced  to  95 
gallons  on  the  first  pass  and  to  90.25  gallons  on  the  second 
pass.  Thus,  the  assumption  that,  with  recycling,  consumption 
and  discharge  will  decrease  by  similar  amounts  is  somewhat 
conservative  in  that  evaporative  losses  will  slightly  reduce 
the  ratio  of  discharge  to  consumption. 

It  was  further  assumed  that  the  concentrations  of  the  various 
pollutants  in  a wastewater  stream  will  remain  constant  with 
time.  This  implies  that  a reduction  or  increase  in  total 
effluent  volume  will  cause  a like  decrease  or  increase  in  the 
total  amount  of  pollutants.  This  assumption  is  based  on  the 
observation  that  a more  efficient  use  of  water  is  likely  to 
increase  the  ease  of  recovery  of  waste  products  and  to  make 
some  in-house  treatment  less  difficult  and  expensive  by 
reducing  the  total  volume  of  flow. 

Both  of  these  assumptions  are  slightly  conservative  and  will 
tend  to  overestimate  future  waste  loads,  rather  than 
underestimate  them.  It  is  likely  that,  with  process 
improvements,  more  efficient  use  of  water  will  slightly  reduce 
the  ratio  of  discharge  to  consumption.  Additionally,  the 
controls  on  industrial  wastes  which  are  likely  to  be 
instituted  as  a result  of  the  Federal  Water  Pollution  Control 
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Act  Amendments  of  1972  (Public  Law  92-500)  will  most  probably 
cause  reductions  in  pollutant  concentrations  in  industrial 
wastewaters.  While  the  Act's  goal  of  "Zero  Discharge"  by  1985 
might  not  be  realized,  it  does  suggest  that  industrial  wastes 
may  be  far  better  controlled  in  the  future  than  currently. 

Thus,  the  projections  made  herein  for  the  industrial  groups 
covered  in  this  study  are  designed  to  serve  as  a reasonable 
upper  bound  for  planning  purposes.  How  nearly  these  upper 
bounds  are  reached  depends  on  the  level  of  enforcement  of 
Public  Law  92-500  and  on  future  Federal  and  State  legislation 
designed  to  control  industrial  wastes. 


4.1 


Projection  Technique 


Using  the  above  assumptions,  the  technique  chosen  to  predict 
future  industrial  wastewater  discharges  was  to  develop  a 
projection  factor  by  which  existing  wastewater  volumes  could 
be  multiplied  to  estimate  future  volumes. 

The  methodology  for  the  estimation  of  such  a factor  was 
developed  by  the  NEWS  Group  of  the  U.  S.  Army  Corps  of 
Engineers  and  was  presented  by  Robert  H.  Stewart  and  Ivan 
Metzger  in  a paper  entitled  "Industrial  Water  Forecasts"  at 
the  1970  Conference  of  the  American  Water  Works  Association. 

The  projection  factor,  called  "F",  is  defined  as 


p = E X 0 
R X T 


where: 

E = Employment  factor 
0 = Output  factor 
R = Recirculation  factor 
T = Technology  factor 


The  four  independent  factors  are  designed  to  account  for  the 
major  variables  governing  changes  in  industrial  water  use. 


The  Employment  Factor  is  defined  as  the  ratio  of  future 
employment  to  current  employment.  Thus,  as  employment  rises, 
production  is  assumed  to  rise  which  causes  an  increase  in 
water  use  and  discharge. 

The  Output  Factor  is  the  ratio  of  future  product  output  per 
employee  to  current  output  per  employee  and  causes  the 
estimate  of  discharge  to  rise  as  employees  produce  more  goods. 

The  Recirculation  Factor  is  designed  to  take  into  account 
future  economies  of  water  use.  It  is  defined  as  the  future 
recirculation  of  water  divided  by  the  current  recirculation  of 
water.  Thus,  if  an  industry  increased  its  recirculation,  the 
estimated  discharge  will  be  reduced. 

The  Technology  Factor  is  defined  as  the  present  water  use  per 
unit  product  divided  by  the  future  water  use  per  unit  product. 
Thus,  if  an  industry  produces  a unit  of  product  with  less 
water,  the  value  of  "T"  increases  and  the  value  of  "F" 
decreases. 

The  combination  of  these  four  factors  into  one  projection 
factor  allows  for  an  estimate  of  the  net  effects  of  growth  or 
decline  of  an  industry  (measured  by  ''E''),  changes  in  etiiployee 
efficiency  (measured  by  “0")  and  changes  in  processes 
(measured  by  "R“  and  "T"). 


4.2  The  Economic  Factors  (E  x 0) 


A simple  determination  of  the  Employment  and  Output  Factors 
can  be  made  by  noting  a relationship  between  them. 

c _ future  employment 
current  employment 

0 s future  output  per  employee 
current  output  per  employee 

This  implies  that: 

E X 0 = future  total  output 
current  total  output 
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The  most  common  measure  of  industrial  output  is  constant 
dollar  production.  This  allows  a direct  determination  of  E x 
0 from  economic  projections  of  future  constant  dollar 
production.  These  projections  are  available  from  the  1972 
Obers  Projections-Regional  Economic  Activity,  in  the  U.S. 
published  by  the  U.  S.  Water  Resources  Council.  The  figures 
used  are  those  presented  for  the  Massachusetts  Coastal  Zone, 
which  is  the  Obers  study  area  most  nearly  approximating  the 
Eastern  Massachusetts  Metropolitan  Area. 

Table  6 presents  the  E x 0 factors  taken  from  the  Obers 
Projections  for  the  major  industrial  groups.  It  should  be 
noted  that  the  values  for  2050  were  linearly  extrapolated  from 
the  values  for  2000,  2010  and  2020  given  by  Obers.  These 
factors  indicate  that  production  growth  is  expected  in  all 
groups,  but  that  Paper,  Chemicals  and  other  Manufacturing  will 
be  the  major  areas  of  growth. 


The  Recirculation  and  Technology  factors  are,  at  best,  only 
knowledgeable  estimates  of  future  conditions.  These  factors 
have  been  estimated  for  other  studies.  The  state  of  the  art 
is  not  such  that  the  locational  sensitivity  of  these  factors 
can  be  accurately  assessed.  Therefore,  the  "R"  and  "T"  values 
used  for  this  projection  were  derived  from  those  presented  by 
Stewart  and  Metzger  and  from  the  values  used  in  Alternative 
Regional  Water  Supply  Plans  for  Northern  New  JerseyT  New  York 
City,  Western  Connecticut  Metropol i tan  AreaT  November , 1971 , 
prepared  for  the  New  England  Water  Supply  Study  (Corps  of 
Engineers)  by  Metcalf  and  Eddy.  In  both  of  these  studies,  the 
"R"  and  "T"  factors  have  been  assumed  to  grow  linearly  with 
time.  Thus,  they  were  extrapolated  on  a straight  line  to 
yield  values  for  2050.  The  "R"  and  "T"  factors  are  presented 
in  Table  7. 

An  examination  of  these  factors  indicates  that  both 
recirculation  of  water  and  technological  economy  of  water  will 
both  increase  in  the  future.  This  is  especially  noticeable  in 
the  chemical  industries.  These  increasing  economies  will  tend 
to  offset  the  growth  in  discharge  which  would  be  predicted  by 
the  economic  factors  alone. 
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Combining  the  economic  and  process  factors  given  in  the 
preceding  sections  gives  the  weighting  factors  for  predicting 
future  waste  load.  These  factors  are  given  in  Table  8.  These 
figures  indicate  that  a combination  of  relatively  slow  growth 
and  moderate  technological  improvements  can  be  expected  to 
reduce  overall  discharges  for  the  textile  industry  and  for  the 
primary  metals  industry.  In  all  others,  production  growth 
will  outstrip  technology  improvements,  and  a net  increase  in 
discharge  is  expected. 

The  implications  of  this  for  the  total  process  wastewater  load 
in  the  study  area  may  be  investigated  by  using  the  industrial 
breakdowns  presented  in  Section  3.2.  Table  9 shows  the 
computation  of  future  waste  loads  from  these  breakdowns. 

An  examination  of  these  predictions  indicates  that,  for  the 
industries  surveyed,  some  overall  growth  in  industrial 
wastewater  discharge  is  to  be  expected  in  the  study  area.  In 
fact,  process  wastewater  loads  for  the  surveyed  industries  are 
expected  to  remain  essentially  constant  through  1990  and  then 
to  increase  by  39%  by  2020  and  48%  by  2050. 

Since  the  derivations  of  the  growth  factors  made  conservative 
assumptions  regarding  future  legal  action  in  the  area  of 
industrial  waste  control,  some  confidence  may  be  had  in  these 
estimates.  Thus,  it  appears  that  the  industrial  wastewater 
load  from  the  surveyed  industrial  groups  in  the  study  area  may 
remain  fairly  constant  during  the  next  two  decades  and  then 
rise  to  50  million  gallons  by  2050. 


TABLE  8.  "F"  FACTORS  FOR  WASTEWATER  PREDICTIONS 
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lotes:  D » Discharge  in  Thousands  of  Gallons  Per  Day 
* °1973 

All  Figures  Rounded  to  3 Digits 
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APPENDIX  6 

CHEMICAL  INDUSTRIES  (SIC  Code  28) 
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APPENDIX  H 

METALS  INDUSTRIES  (SIC  Code  33) 


i 

i 


nat  AUMatf  t cr  Lisjine  nerti  moauccut 


1 


O h. 

•J  U k. 

• o u 

K O 


9 < X 
OH  H 
H < 


« tal  U 

H »4 

• O ^ 

a 


o 

*<• 


2 U 
X M K 
U 2 *-* 
lt»  X 
H U 


2*4 

H.9 

Oh. 


hi  « O 

2 • • 
< tf»  O 


0 2 0 
U A>  U 

•a 

o 


H O 2 
< *9  W 
U 4 H 
O M < 
•4  2 2 


O 
hi  X 
2 <L 

2 


hi 

O 

■4  O 

2 O 


H 

20 

O CJ 


2 *4  «• 

H 2 2 
2 2 

•J  M Ul 
J X 
O hi  H 
2 0 0 


9 

• 

• 

• 

• 

• 

H • 

2 

2 

2 

•«  • 

m 

m o 

O O 

2 O 

m o 

2 O 

m o 

• 

«« 

O 

n 

2 

•* 

•• 

•4 

o 

u 

U 

u 

U 

u 

O 2 

O 2 

O 2 

O 2 

O 2 

O 2 

*4  X 

•4  X 

•4  X 

9 X 

9 X 

9 X 

• H 

• H 

• H 

• H 

• H 

• H 

H 

H 

>4 

>• 

>• 

H 

2 

2 

2 

2 

2 

• 

• 

• 

• O 

• O 

2 

• O 

• O 

• O 

2 2 

n* 

o 

2 

•« 

2 

•4 

2 

O' 

m >* 

2 >• 

■B  H 

A H 

O H 

2 H 

• ij 

•U 

•U 

•4  *U 

•U 

•U 

M Z 

••  Z 

2X 

•4  X 

•4  Z 

oz 

• u 

•4U 

• u 

u 

u 

O H 

U H 

U M 

U H 

U 44 

U 2 

O 2 

O 2 

O 2 

O 2 

O 2 

O X 

•4  hi  2 

•4  hi  X 

•4  M 2 

9 2 2 

9 Ul  X 

9 hi  X 

a a hi 

2 

1 O hi 

• OU 

• O W 

9 O U 

t o hi 

K O 

X o 

M O 

M O 

X o 

X O 

U 

u 

U 

U 

u 

U 

• 

m 

u o 

X 

M O 

hi  2 

W 2 

hi  O 

U O 

XU 

N 

2 U 

2 U 

> u 

o u 

o u 

2 2 

O X 

O X 

2 X 

2 C 

2 X 

u o H 

2 9 H 

2 9 H 

X 9 H 

X 9 H 

2 9 H 

O X 

O X 

a X 

O X 

o z 

O 2 

«>ox 

— 2 X 

« 2 X 

• 2 X 

••  2 X 

••  2 X 

Z H 

X H 

X H 

Z H 

Z H 

X H 

X 2 2 

r« 

X 2 X 

X 2 X 

o o 

X 2 X 

X 2 X 

XXX 

OH  H 

• 

O H H 

OH  H 

• «4 

OH  H 

O H H 

OH  H 

H2 

H 2 

H 2 

2 • 

H 2 

H 2 

H 2 

O 

O 

O 

O 

O 

O 

o 

s 

2 

X 

2 

2 

? 

X 

9 

9 

X X 

9 

9 

9 

> 

** 

2 2 

* 

X 

2 — 

•4 

H «4 

X — 

U — 

•X 

• X 

• X 

O 

2 4X 

2 4X 

H 4X 

o o u 

ou 

O 2 u 

• 

o u 

2 O U 

2 O U 

2 0 2 

O 2 

2 2 2 

u 

H O 2 

2 0 2 

hi  O 2 

O 2 H 

2 

2 H 

2 H 

2 0 0 

H «4  M 

2 44 

2 

Z 2 M 

u a 

o o 

•4  O 

• 2 «4 

020 

hi  ns  o 

u o 

X 

m 

X 

9 

2 • • 

•4 

H 

K 

O 2 

2 

hi  2 

9 2 

H X 

O X 

u 2 a 

H 2 O 

X 20 

u o 

U 2 O 

hi  2 3 

0 2 0 

hi 

2 

2 M 

H M 

X •«  2 

2 

9 hi 

X 

hi 

2 hi  U 

Z 

X 2 U 

2 U U 

0X2 

•4hl  U 

9 hi  O 

2 

2 hJ  U 

2 H «J 

2 H 3 

2 H.4 

2 H 9 

44  >•  9 

H H 9 

2 0 2 

2 0 2 

X O 2 

-4  0 2 

0 0 2 

0 0 2 

•4 

•4 

•4 

o 

9 

9 

9 

••2 

- 2 

-»  2 

•4  • 

•4  2 

— a 

2 

2 X 

X 

2 X 

X 

2 X 

z w 

2 X 

Z 

2 X 

Z 

2 X 

Z 

2 W 

2 

o 

2 W 

X 

2 W 

X O 02 

2U 

B 

2 hi 

X 4 

2 W 

X 

hi 

o 

r* 

hi 

O 

hi 

O H 2 • 

U 

O 

hi 

O o 

U 

U 

z 

X 

X 

X 

X • *2 

X 

z 

X 

r 2 

O o 

X 

o o 

X 

o o 

X 

o o 

X 

o o 

X 

o o 

X 

O o 

o o 

O 2 

o o 

O 4 

o 

O o 

2 • 

hi 

o 

2 O 

w 

2 O 

hi  X X O 

2 O 

hi 

2 O 

X X 

2 O 

hi 

2 2 

X 

2 

« o 

X 

2 C4 

X 2 X 2 

2 O 

X 

2 ns 

2 2 

2 O 

X 

• H 

2 

• • 

2 

• «4 

2 

• • 

2 

• 2 

2 

2 

2 

2 

2 

2 

2 

2 

2 ^ 

2 

rt 

2 

2 

2 

2 

2 

H ns  •n 

2 

u ns2 

2 

U O 

hi 

2 O 

hi 

O 

hi 

O 

hi 

H O 

X 

•4  O 

hi 

M z O 

9 

X z o 

9 

s o 

9 

> X o 

9 

hi  Z O 

9 

o z o 

9 

ZH  2 

•4 

pr%  2 

O H X 

•4 

M X 

90  2 0 

44  2 X 

9 

X 44  X 

9 4 

X 44  X 

9 

O » w 

2 

o B w 

2 

O X W 

2H  «M2 

O Z w 

2 

2 w 

<4  O 

< 

H X 

> 

r«  rt 

X 

> 

U X 

> • • • 

X 

> 

2 X 

> 2 

9 X 

> 

X u 

hi  U 

u 

X u 

9 U 

2 2 2 

X 

2 

X 2 2 

X 

X 22 

X H 9 

0 2 2 

X 

hi  2 2 

I H 

2 2 2 

X 

Ul  *H 

u 

•-I  O 

O • M 

o 

U»4  hi  Z 

2 4M 

H • 44 

H •« 

u 

X 2 O 

M 

Z 2 

2 2 0 

•4 

•4X22 

X 2 O 

•4  Z 

hJ  2 O 

•4 

H 2 

X 

•4  rh 

X 

X 2 

X 

M 

X 

X ns 

X 

X ni 

X 

X 

«4 

X 

H 

X 

z 

9 

.B  2 

s 

T »4 

•4  9 

H 9 

X 9 2 

9 9 2 

O 

hi  9 

2.4 

X 

9-9  J 

X 

2 9 

X 

2 9 0 

X 

hS  9 O 

X « 

9 

X 

U 2 

O 

X 2 

o 

X 2 

o 

9 2 4’ 

o 

O X ♦ 

a hi 

Z X 

o 

O • 

2 

2 4 0 0 

hi 

2 

hi 

X o 

X 

••  O 

2 O 

••  O 

o 

2 «4  4 

••  O 

— O 

2 

w o 

hi  2 O 

hi 

• «h 

hi  2 O 

bJ 

Ul  2 • 

hi  ••  ••• 

hi  2 2 

hi 

hi  2 ns 

hi  • 

W 2 O 

Ul 

X • • 

2 

X • • 

2 

X • O 

2 

X *2 

2 

X 4H 

2 

X 4 4 

2 

2 2 2 

O 

H 

2 2 0 

U 

2 2 2 

0 9 O 

2 2-4 

O 

2 2 ns 

O 9 

<20 

U 

X C«  H 

X 

2 hi 

Z ««•  M 

X 

Z C4  «4 

X O 9 Z 

z rs  4 

X 

z ns  4 

X o 

X ns  o 

X 

H 

X o 

H 

H 2 U U 

H 

H 2 

H 

X ^ 

X ^ 

X ^ 

X 

X 

X 2 

90 

H 

9 a 

H 

9 O 

H •• 

9 O 

H 

9 O 

H 2 

9 O 

H 

• 2 0 

»4 

•2  0 

9 

• 2 0 

9 O 

• 2 0 

9 

• 2 0 

9 O 

• 20 

9 

2 

X 

2 X 

z 

•4  X 

X 9 

•4  X 

Z 

z ♦ 

2 X 

Z 

H W 

o 

2 w 

o 

2 w 

o u 

2 '^p 

o 

ns  w 

O hi 

2 w 

o 

2 2 2 

0 2 2 

2 2 X 

H 2 2 

w • o • 

2 2 2 

2 2 2 

w rs 

2 2 2 

2 *X 

• 

2 • 

m *x 

2 •« 

•4  2 0 

2 4 X 

2 4 Z 

«# 

< 4X 

2 9 

2 

• r« 

2 9 

2 4^ 

2 9 

2 9 

W 2 2 

>• 

hi  2 

H 

Ul  ns  2 

H 

hi  ns  2 

H 

hi  ns  2 

H 

hi  ns  2 

H 

o z 

2 

Q 

o z 

2 

o z 

20  Q 

Q Z 

2 

O 9 

2 O 

o z 

2 

0 2 0 

O X 9 Z 

0X0 

O 

0X0 

0 0X9 

0X0 

O 

0 2 0 

O O 

0X0 

O 

U2U 

'V  X U U 

U 2 U 

X 

U 2 U 

U U U 

U 2 U 

>k 

U 2 U 

>k  U 

U 2 U 

X 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

U 

C4 

U 

O 

U 

O 

U 

U 

U 

O 2 

u 

U 

H X 

H X 

X 

•4  X 

X 

44  X 

z 

z o 

44  X 

z 

2X9 

9 

2 Z 9 

9 

2X9 

9 

2 Z 9 

9 

2 Z 9 

9 ♦ 

2 Z 9 

9 

O X 

O 

O X 

O 

O X 

O 

O 2 

O 

O 2 

O hi 

O X 

O 

M 

• 

2 

•4 

X 

SH 

2 4 0 4 

•4 

2 

►4 

2 O 

44 

2 

H «• 

O 2 • 

H • 

2 42 

H — 

H » 

H •“ 

•U  U 

X 

m 

• H 

•U  U 

z 

•UO 

X ••  ••  2 

• U U 

X 

• u u 

Z 4 

•U  U 

Z 

»h 

2 U X 

h4 

2 9 X 

»4 

O 9 X 

•4 

0 9 2 

•4 

O 9 X 

2Q  2 

2 

O 

••0  2 

•4  0 2 

O X 

ns  o 2 

2 0 2 

o 

2 0 2 

2 O 

o O *4 

OO 

o o 

O 9 

o o 

O U 

o 

O O 

X 

2 U U 

2 X 

2 X 

2 0 2 

2 X 

2 2 

2 

2 X 

2 «• 

X « 

2 

2 «• 

2 

2 — 

2 

2 «• 

2 

2 • 

2 

• W 

H 

• hi 

H 

• hi 

H 

• hi 

H 

H 

• hi 

H 

X *4  2 

X 

X .4  2 

Z 9 2 

X *• 

Z 9 2 

.t  9 2 

Z 9 2 

Z 

02  9 

2 

•1 

m am 

U2  9 

2 

02  9 

2 9 • •• 

0 2 9 

2 

U 2 9 

2 9 

02  9 

2 

2 2 

•4  Z 

H 

H 2 2 2 

44  Z 

H 

►4  i«. 

H 2 

•4  Z 

H 

H O X 

9 

2 

•4  X 

M O X 

9 

H O X 

9 X 9 X 

H (J  2 

9 

H U 2 

9 2 

H O 2 

9 

2 2 M 

•4 

2 

2 2 

2 2 hi 

•4 

2 2 W 

9 2 2 2 

2 2 hi 

9 

2 2 9 

9 Ul 

2 2 2 

9 

U 2 H 

•4 

Z 

H X 

U 2 H 

•4 

U 2 H 

9 X H X 

U 2 H 

9 

U 2 M 

9 Z 

Cl  < 44 

9 

U W 2 

M H 

O hi  2 

O 

Ohl  2 

O 2 2 H 

O Ul  2 

U 

O hi  2 

O X 

0 9 2 

O 

J 2 B 

2 

O 

X o 

•4  2 B 

2 

9 2 X 

2 o r o 

92  *« 

2 

9 2 « 

2 O 

9 2 B 

2 

111 


UbC*TZCi<«  aokt.  SIC  ccoe  mi.  kAmEi  BCIHLEHEH  steel  ADORESSI  ISA  MARCIkAL  ST  TOHNI  SSO  X«10C  911,  X«LOC  MO 

SEASOkAL  PRODUCTION  SPR  2S.%  SUM  2S.%  PLL  2S.%  kIN  25.%  CHPL0TEE8  49t.  DATA  SOURCE  CODE  S, 

AATER  USEl  SRCl  MUN  CONSUMP(KCD)  10.00  DISCHCKCD)  .5000  PLC  Or  OZSCHl  PUB  TRTHMT  0,  EFriCNCX  0.%  TNP  0, 


Loctnc^•  >u*.  stc  cc:£  uu.  kamEi  scxtcv  ca<  c:  a::>>.ssi  ii  c»css  sr  t;«m  cvc  x»lcc  »iO,  y«lcC 

Uki'Hki  »pc:u:ticn  spk  xi.t  sn'  is.t  ru  is.%  «:s  2S.%  2to.  sata  sc.acc  ccse  2. 

xAiiA  usci  ifiCi  cc $'.''.p(As:)  1C, CO  ctscHd'j;)  (,c::  p'.c  cr  oischi  pup  irrxc^CY  o.t  Tpp 


POUUTAKTP  IN  PCl'f>C5/CAT  (CNLT  TMCSC  PC*  vnXCM  VALVES  APE  XS'CU% 


?CLLUI*NTS  IN  PCUfOS/0*y  (ONLY  THOSE:  FOH  WHICH  VALUES  ARC  KNOWN) 


I 


I 


r ' 1 


u 

o ^ 

u 

O ite 

U 

O A 

U 

O A 

U 

O A 

U 

O A 

Vi  * 

» * 

Si  * 

Si 

X 

•4  X 

•a  X 

•4  X 

a X 

a X 

a s 

a « 

a X 

• H 

• •• 

• H 

• H 

• H 

• H 

• H 

• H 

• H 

• 

>• 

>« 

H 

H 

H 

H 

H 

H 

H 

P9 

O 

• 

• 

• 

• 

• 

• 

• 

• o 

• O 

• O 

• o 

• O 

• o 

• O 

• o 

o 

X 

A 

« 

•4 

X 

M 

M 

X 

M 

• 

M 

a 

o 

O 

X 

« >• 

X >• 

H >• 

r-  H 

X H 

X H 

X H 

X M 

•u 

•o 

•U 

•U 

• u 

•U 

• u 

•U 

•U 

M S 

X X 

••X 

« A 

•*x 

a X 

a z 

az 

u 

XU 

• u 

U 

• u 

• U 

• U 

• U 

• u 

U M 

U M 

U M 

U M 

U M 

u « 

U a 

U a 

U a 

O k 

o w 

O A 

O A 

O A 

O A 

O A 

O A 

O A 

•4  M tew 

•4  tel  tei 

•a  M A 

a M A 

a M A 

a A A 

a A A 

a A A 

a A A 

• Ohl 

• Otel 

• O tel 

tow 

• o u 

1 O A 

• O A 

t o A 

• O A 

MO 

M O 

M O 

M O 

K O 

K O 

M O 

KO 

K O 

U 

U 

U 

U 

u 

u 

U 

U 

U 

m 

• 

M O 

M O 

tel  O 

M O 

A O 

A O 

A O 

A O 

•J  1> 

•4U 

«a  u 

•ao 

H U 

au 

a u 

au 

X U 

XX 

X A 

X A 

X A 

X A 

a A 

a A 

a A 

a A 

s o*« 

X 9H 

X 9 H 

S 9 H 

X 9H 

X 9 H 

Z 9 H 

X 9 H 

X 9 H 

O X 

o z 

O X 

O A 

O X 

O 9 

O X 

O X 

O A 

• XX 

• X X 

• XX 

• XX 

• X X 

• X X 

• X X 

• X X 

• X A 

X H 

X H 

X H 

A H 

X H 

a H 

Z H 

it  H 

Z H 

XXX 

X X A 

X X A 

X X A 

XXX 

X X A 

Z X A 

Z X A 

X X A 

OHH 

OHM 

O H H 

O H H 

OH  H 

O H H 

O H H 

0>«  H 

O H H 

H X 

H X 

H X 

H X 

H X 

H X 

H X 

H a 

H X 

H 

o 

O 

O 

O 

O 

O 

O 

O 

O 

X 

X 

X 

A 

m 

X 

A 

A 

9 

9 

9 

9 

9 

9 

9 

9 

9 

O X 

A 

A 

A 

H A 

A 

H A 

X A 

X 

X 

X 

X 

X 

•• 

H • 

a 

K • 

O • 

O «x 

tel  *X 

H *X 

•X 

H *X 

X *X 

X *Z 

A *X 

H *X 

•4  OU 

> AU 

X o u 

O OU 

a o u 

o o 

A O U 

X o u 

19  O U 

W X X 

X A X 

O X 

A O X 

X O X 

a ox 

Z X X 

A O X 

Z X X 

XMM 

X M 

U M M 

X M 

X X M 

a X M 

X M a 

a X a 

a M a 

2 “ 

S ° 

> o 

A O 

X o 

A ao 

A O 

o o 

X O 

o 

tel 

A 

X 

o 

X 

H 

H tew 

Ul  te. 

A A 

H A 

a A 

O A 

X A 

a A 

X A 

ite 

X O 

0X0 

0X0 

X X o 

A X O 

a X o 

X o 

XXO 

X X o 

•4  U 

S tel 

X 

X tel 

A 

A 

Z A 

A 

A 

a 

o u u 

tel  U 

M U U 

X X u 

O A U 

a tel  U 

a A o 

X A U 

O A u 

a 

X >•  »4 

A >•  9 

X H *4 

Ha 

o H a 

O H a 

X H a 

X H a 

M H a 

a 

««o  X 

A O A 

O A 

X o A 

M O A 

M O A 

X O A 

a o A 

X O A 

19 

•a 

*1 

wa 

a 

a 

a 

a 

a 

a 

• X 

••  A 

• A 

• A 

• A 

• A 

• A 

• A 

• A 

a 

X X 

M 

X Z 

X 

X X 

St 

X X 

2 

X X 

X X 

X X 

2 

X X 

X 

X X 

Z 

X 

X w 

9 

X tel 

9 

X M 

9 

X u 

X 

X A 

9 

X A 

X 

X A 

Z 

X A 

9 

X A 

Z 

X 

(tl 

O 

teJ 

O 

U 

a 

A 

o 

A 

O 

A 

O 

A 

O 

A 

o 

A 

o 

A 

X 

« 

A 

X 

A 

X 

A 

A 

a 

X 

A 

z 

A 

z 

A 

z 

A 

X 

A 

o o 

M 

O O 

A 

O O 

A 

o o 

A 

o o 

A 

O O 

A 

O o 

A 

O o 

A 

a o 

A 

Q 

O o 

o o 

o o 

o o 

o o 

o o 

o o 

o o 

o o 

O 

X o 

M 

X o 

tel 

X o 

tel 

X o 

h) 

X o 

A 

X o 

A 

X o 

A 

X o 

A 

X o 

A 

X 

X • 

tL 

X o 

A 

X o 

A 

A O 

A 

X o 

A 

X o 

A 

X o 

A 

A O 

A 

A O 

A 

• X 

X 

^ • 

X 

• • 

X 

• • 

X 

• • 

X 

• • 

X 

• • 

X 

^ • 

X 

• • 

X 

r« 

X 

M ^ 

X 

IS  M ^ 

X 

M 0% 

X 

M ^ 

X 

> M a 

X 

M a 

X 

M a 

X 

> M a 

X 

A 

o 

tel 

a o 

tel 

o O 

tel 

O 

A 

O 

A 

e o 

A 

O 

A 

O 

A 

O O 

A 

A 

.s  o 

9 

u s o 

9 

X z o 

9 

la  o 

9 

c o 

9 

z o 

9 

U Z O 

9 

2 O 

9 

2 19 

9 

X 

tet  X 

•a 

M A 

*4 

XM  M 

•1 

a M A 

a 

IH  A 

a 

X a M 

a 

2 a z 

a 

a A 

a 

Cl  a A 

a 

X W 

X 

X .«  w 

X 

O » w 

X 

9 w 

X 

X W 

X 

X 2 W 

X 

a :*  w 

X 

Z w 

X 

2 3a 

X 

A 

X 

> 

X 

> 

X X 

> 

•4  X 

> 

X 

> 

A X 

> 

X 

> 

U X 

> 

a X 

> 

A 

u 

X u 

H U 

U 

> o 

H O 

o u 

;s  u 

U 

A 

XXX 

X 

X X 

X 

1 X X 

X 

2 X X 

X 

M X X 

X 

XXX 

X 

Z X X 

X 

a X X 

X 

XXX 

X 

A 

X «M 

u 

X 

u 

O 

u 

O *M 

o 

o 

o 

H *a 

u 

a *a 

o 

• a 

u 

• a 

u 

O 

0X0 

*4X0 

M 

A X O 

X X o 

w 

X o 

M 

X X O 

a 

a 

zx  o 

a 

X o 

a 

U 

U €% 

X 

O M 

X 

O M 

X 

A M 

X 

H M 

X 

M 

X 

A M 

X 

OM 

X 

M 

X 

X 

X 

X 

X 

s 

X 

X 

A 

9 

o 

9 

A 

X 

H 

2 

z 

9 

H 

U »4 

U w4 

X *4 

oa 

A a 

u a 

A a 

o a 

z a 

tew  »4 

« 

M *4 

A 

M 9 

A 

X a 

A 

X a 

A 

> a 

A 

A a 

A 

X a 

A 

a a 

A 

X tei 

o 

X A 

O 

X A 

O 

H A 

u 

X A 

O 

X A 

O 

O A 

O 

A A 

O 

X A 

O 

U 

k 

A 

A 

A 

A 

A 

A 

A 

• o 

•>  O 

w O 

• O 

• O 

• O 

• O 

• o 

• o 

M X O 

tel 

tel  X • 

Ul 

hi  X • 

Ul 

A ft*  • 

A 

Aft** 

A 

AX* 

A 

A X O 

A 

A X O 

A 

A X * 

A 

A 

rc  *o 

X 

u:  • M 

X 

X 

2 • X 

X 

z *o 

X 

X • o 

X 

X *o 

X 

•X  • • 

X 

K *0 

X X • 

o 

X X W>« 

o 

o 

X X o 

O 

XXX 

C4 

X X A 

O 

XX* 

O 

XXX 

o 

XXX 

O 

X MX 

X 

X M •« 

X 

X 

:e  M M 

X 

2 M «• 

X 

Z M a 

X 

z M 

X 

2 M a 

X 

2 M a 

t* 

H 

H 

H 

H 

H 

H 

H 

H 

X ^ 

a;  ^ 

>:  ^ 

X 

X ^ 

X 

X a 

X 

X a 

9 O 

X 

9 O 

H 

9 O 

H 

9 O 

H 

9 O 

H 

9 O 

H 

9 O 

H 

9 a 

H 

9 O 

H 

• X o 

9 

• Xi» 

»4 

• X o 

•a 

• X o 

a 

• X O 

a 

• X o 

a 

• X O 

a 

• X o 

a 

• X 19 

» X 

X 

•«  A 

2 

M A 

z 

A A 

z 

A A 

a Z 

z 

X A 

X A 

« 

o 

X w 

o 

X «-» 

O 

X w 

O 

u 

2 w 

o 

X w 

o 

X w 

o 

X ^ 

<n  • «: 

X ’•  ir 

-I  ”•  X 

m •y. 

^ ’’•X 

M •». 

a ’ • ir 

a *x 

m ■ X 

X 9 

X 9 

X 9 

X 9 

X 9 

X 9 

X 9 

X 9 

X 9 

tel  M X 

>• 

MMX 

H 

hi  M X 

H 

tel  M X 

H 

A M X 

H 

A M X 

H 

A M X 

H 

A M X 

H 

A M X 

O ^ 

X 

O .T 

X 

o z 

X 

O 2 

X 

O 2 

X 

14  2 

X 

C4  2 

X 

o z 

X 

O •% 

0X0 

o 

O A O 

O 

9 A O 

O 

U A O 

O 

0X0 

o 

O A 9 

O 

O A O 

O 

O A O 

O 

O A O 

U X u 

>* 

U A U 

X 

O A O 

N, 

O A O 

■V 

U A o 

■ftw 

U A U 

"V 

O A O 

>w 

Cl  A i> 

X 

U A O 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

u 

o 

u 

o 

U 

o 

u 

o 

u 

o 

u 

o 

Cl 

o 

o 

o 

u 

M Z 

X 

M A 

X 

M Z 

u; 

M 2 

•>«  2 

2 

a 2 

2 

a 2 

2 

a z 

2 

X Z 9 

9 

M A 9 

9 

X 2 9 

9 

X 2 9 

9 

X 2 9 

9 

X 2 9 

9 

X 2 9 

9 

X Z 9 

9 

X 2 « 

9 

o z 

o 

O X 

U 

O X 

O 

U X 

U 

O X 

O 

O X 

O 

O X 

U 

O X 

o 

A 

O 

• 

M 

A 

M 

A 

M 

A 

*4 

A 

a 

A 

a 

A 

a 

A 

a 

• o u 

X 

' i 

• 

• uu 

z 

• u u 

• u u 

2 

• u u 

S5 

•U  U 

Z 

•U  U 

2 

•Cl  Cl 

2 

• U U 

Z 

• 

M :>  a; 

X 9 A 

M 

r*  9 A 

X 9 A 

C.  9 A 

►4 

O 9 Z 

a 

a 9 2 

a 

a 9 A 

a 

vox 

O X 

A O X 

X O X 

X O X 

O o X 

X o X 

a O X 

a o X 

X n X 

^ o 

X 

u 

<n  o 

*n  o 

M Q 

X o 

A O 

X o 

O 

X A 

A 

X A 

X A 

4t  A 

X A 

X A 

X A 

. • a. 

X «• 

X 

A • 

X 

A •• 

X 

A • 

X 

A • 

X 

A • 

X 

A • 

X 

a,  • 

X 

• ul 

m Ul 

H 

• Ul 

H 

• hi 

M 

H 

• A 

H 

■ A 

H 

■ A 

a 

* 

t 

:*  X 

X 

;i  *4  X 

X 

*4  X 

2 

2 a X 

2 

;«!  a X 

2 

:%  a X 

2 

a X 

E 

^ a X 

2 

o ^ 

X 

•J 

0X9 

X 

U X 9 

X 

U X 9 

X 

t)  X 9 

X 

0X9 

X 

0X9 

a 

0 2 9 

X 

M •• 

4 

X 

M .* 

H 

M .* 

H 

•-»  S* 

H 

►ft  0^ 

H 

a 2 

M 

H 

9 

O A 

9 

A 

A 

M U A 

9 

H O A 

9 

H It  A 

|ft  C>  It 

9 

H Cj  O. 

9 

H Ci  A 

»» 

M O A 

M X ^ 

tel 

Ul 

X X 9 

W-l 

X X A 

a 

X X a 

a 

•i  X m! 

a 

*«  X A 

a 

•ft  *n  a 

a 

X X hi 

O M »4 

9 

X 

iJ  X 

•4 

a 

Cl  X *-• 

a 

U X M 

a 

11  X f-« 

.1 

u X a 

a 

i>  X a 

^ J 

U MS  X 

O 

tel  M 

O Ul  X 

O 

U A X 

o 

U A X 

o 

(4  A X 

o 

O A X 

o 

o a X 

o 

O A X 

9 X •* 

A 

t»  O 

w4  X V 

A 

•4  X 3ft 

A 

a X A 

A 

a X » 

A 

a X « 

A 

a X .« 

A 

a X V 

:LiUIA?:TS  IN  POUNDS/DAI  (ONLY  THOSE  YOB  WHICH  VALUES  ABE  KNOWN) 


O O 

o «o 

»■« 
^ a 


u u 

>•  *4 

o o. 


••  >• 
• u 


• u 

u 

o 

•4  M Ik. 

• am 
K o 
u 


hi  O 

u u 


» 9 H 
O « 


>e  •«  u 

u • 

M M 

« o 


hi  40  O 
kC  hi 
U U 
>•  .4 
« O (Ch 
•4 

• Oi 


hi 

K 

4 


o r*  •-* 
u o 
X u 

hi 

> :c  w 
*4  X 

< u 


« ^ (h  W 


U X o 

O (h  u 


• u u 

o r>  « 
^ O 10 


^ *4  «0 

o 4 ;j 

M « 

M u « 
<4  40  M 
U 4 M 
O M 4 


11f> 


L 


8 


U • ( 
M 

•»  O I 


S8 

VY 


O 

U X ■ 


• • • 


o 

U X 


o o 
o o 

VY 

M M 


< X 

V m 


19 


koooooooxxoo 
• ooraoo«ir»^xotft 


lA00tfir>0t#l0004 

f^oor^xortoox^ 


»o«tfioooMOor* 
»oxr>^ooMo 


» M ««g»  X 


§ ^••O0*9HOX  XOOMS.JXO 

2 9CaMOOOMXXX*9X  Oft9WXOXMOXXX«4«4XW»8XOIw 


H7 


r 

f 

i 

i 

1 

I 

I 

\ 

i 


Figures  4 through  11  of  this  report  were  prepared  from  com- 
puter plots  at  a scale  of  1:150,000.  In  the  final  prep- 
aration, some  points  overlapped  with  others  and  could  not 
be  shown.  This  appendix  contains  a listing  of  points  lost 
in  this  manner. 


Figure  4.  All  Industries 

Points  lost  due  to  collision: 

418  5048  5112 

5035  5080  5119 


Figure  5.  Industries  Discharging 
Greater  than  50,000 
Gallons  Per  Day 

No  points  lost  due  to  collision. 


Figure  6.  Industries  Discharging 
Zero  Gallons  Per  Day 

Points  lost  due  to  collision: 

5080  5112  5120  5128 

Figure  7.  Food  Industries 
Points  lost  due  to  collision: 

172 

Figure  8.  Textiles  Industries 
No  points  lost  due  to  collision. 


Figure  9.  Paper  Industries 
No  points  lost  due  to  collision. 
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Figure  10.  Chemical  Industries 
No  points  lost  due  to  collision. 


Figure  11.  Metals  Industries 
No  points  lost  due  to  collision. 
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